Escherichia coli strains isolated from children with diarrhea were collected from 16 hospitals in different districts in Thailand during 1985 and 1986 and submitted to the National Reference Laboratory. Isolates were identified by serogrouping or as enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli (EPEC) adhesin factor (EAF) E. coli, or Shiga-like-toxin (SLT)-producing E. coli by DNA hybridization. EPEC strains of known serogroups were isolated from 10%, ETEC strains were isolated from 6%, EAF E. coli strains were isolated from 4%, EIEC strains were isolated from less than 1%, and SLT-producing E. coli strains were isolated from none of 393 children with diarrhea. Among 278 children whose ages were recorded, the highest rate of isolation of EAF E. coli was 11% (9 of 85) from children <6 months old. ETEC was isolated from 5% (4 of 85) of children <6 months old, from 10% (12 of 118) of children 6 to 23 months old, and from 1% (1 of 75) of children >23 months old. EPEC strains of known serogroups were isolated from 18% (15 of 85) of children <6 months old, from 11% (13 of 118) of children 6 to 23 months old, and from 9% (7 of 75) of children >23 months old. E. coli strains that hybridized with the EIEC probe were isolated from three children who were 20, 36, and 48 months old. Examining E. coli for hybridization with DNA probes for virulence determinants is a practical way of conducting nationwide surveillance of diarrhea-causing E. coli. Since only 33% (13 of 39) of EPEC serogroups hybridized with the EAF probe and none hybridized with the SLT probes, identification of EPEC by serogroup analysis, followed by serotyping, should continue to be used in the identification of EPEC.
Escherichia coli strains that cause diarrhea have been classified into five major categories: enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enterohemorrhagic E. coli (or Shiga-liketoxin [SLT]-producing E. coli), and enteroadherent E. coli (18) . In South America, most E. coli strains that both adhere to tissue culture cells in a localized adherence pattern and hybridize with the EPEC adherence factor (EAF) probe (24) have been reported to be of EPEC serotypes (23, 30) . In Thailand, however, only 50% of E. coli strains that hybridize with the EAF probe and adhere to HeLa cells in a localized adherence pattern are of EPEC serotypes (7) . Most ETEC, EIEC, and enterohemorrhagic E. coli strains that have been isolated worldwide are of non-EPEC serotypes (7, 18) .
EPEC serogroups are classically identified by agglutination in polyvalent EPEC antisera. Ideally, EPEC serogroups are then serotyped by using monovalent antisera to O and H antigens, but this frequently is not possible because of the cost of antisera and the unavailability of technicians. ETEC, EIEC, and enterohemorrhagic E. coli strains and E. coli strains that hybridize with the EAF probe (EAF E. coli strains) have been identified by in vitro and in vivo assays that require animal or tissue culture facilities (5, 16, 29) or alternatively by enzyme-linked immunosorbent assays that require specific antisera (28, 35) . Alternatively, ETEC, EIEC, enterohemorrhagic E. coli, and EAF E. coli strains can be identified by hybridization with specific DNA probes (1, 3, 7, 8, 22, 23) . DNA hybridization assays have been used by research laboratories (6, 27) that agglutinated in these antisera were mailed to the Department of Medical Sciences for confirmation, usually within 1 week of isolation. These isolates were tested in monovalent O:K antisera before and after being heated at 100°C for 1 h.
In this study, E. coli 018ac, 020ab, 026, 044, 055, 086, 0111, 0114, 0119, 0125, 0126, and 0127 were considered as EPEC serogroups; E. coli 025, 078, and 0128 were considered as ETEC serogroups; and E. coli 028, 0112, and 0124 were considered as EIEC serogroups (13) .
Colony hybridization assays. E. coli strains were spotted on MacConkey agar plates (20 isolates per plate), incubated at 37°C overnight, and transferred to Whatman 541 filters by firmly pressing the filters evenly over the bacterial colonies. The filters were placed in a glass petri dish on Whatman no. overnight. Filters were placed on Whatman no. 3 paper saturated with 0.5 N NaOH for 10 min and then transferred to Whatman no. 3 paper saturated with 1.0 M ammonium acetate-0.2 N NaOH for 1 min. This process was repeated four times, and after the last transfer, the filters were left for 10 min. The filters were then air dried and baked overnight at 65°C (15) .
The polynucleotide probes for genes that code for heatlabile toxin (LT) (4), EAF E. coli (23) , EIEC (34) , and SLTs I and Il (25) have previously been described. After purification of plasmid DNA by cesium chloride-ethidium bromide ultracentrifugation, the plasmid DNA was digested with the appropriate endonuclease and separated by polyacrylamide gel electrophoresis. The specific endonuclease digestion fragments used as probes were removed by electroelution and nick translated to incorporate ax-32P-labeled nucleotides (21) . A 25-mer oligonucleotide probe (5' A AGT AAT AAA AGT GGT CCT GAA AGC 3') to detect genes that code for STA was constructed by using phosphoramidite chemistry on a DNA synthesizer (Applied Biosystems, Foster City, Calif.) (2) and end labeled with _y-32P-labeled nucleotides (9) .
For hybridization with polynucleotide DNA probes, filters were incubated at 37°C for 3 h in 10x Denhardt solution (lx Denhardt solution is 0.02% bovine serum albumin, 0.02% Ficoll 400, and 0.02% polyvinylpyrrolidone)-4X SET (lx SET is 0.15 M NaCl, 0.03 M Tris [pH 8], and 1 mM EDTA)-0. 1% sodium dodecyl sulfate-10 g of heat-denatured calf thymus DNA (Sigma Chemical Co., St. Louis, Mo.) per ml. The filters were transferred to 50% formamide-2 x Denhardt solution-4x SET-0.1% sodium dodecyl sulfate-10 j±g of heat-denatured calf thymus DNA per ml-6% polyethylene glycol 8000-50,ug of heparin per ml-106 cpm of a DNA probe per ml and incubated at 37°C overnight (10) .
For hybridization with the STA oligonucleotide probe, colonies processed on nitrocellulose paper were prehybridized for 2 h at 50°C in 6x SSC (lx SSC is 150 mM NaCl plus 15 mM sodium citrate)-5 x Denhardt solution-1 mM EDTA-0.2 mg of heat-denatured calf thymus DNA per ml. DNA hybridization was performed at 50°C overnight in the same buffer with 106 cpm ofthe radiolabeled oligonucleotide probe per ml. After hybridization, the filters were washed twice in 6x SSC at 25°C for 10 min and then three times in 6x SSC for 30 min at 50°C (9) .
Filters were air dried and exposed to X-Omat X-ray film ( identified, 20 were toxigenic; of 41 EPEC serogroups identified, 13 hybridized with the EAF probe; and of 7 EIEC serogroups identified, none hybridized with the EIEC probe. One E. coli strain that hybridized with the EIEC probe was identified as E. coli 028:H-at the National Institute of Health in Japan.
All of the isolates that hybridized with the LT and STA gene probes produced enterotoxin. All of 15 LT-and heatstable-toxin (ST)-producing ETEC strains, 1 of 3 ST-producing ETEC strains, and none of 6 LT-producing ETEC strains were agglutinated in antisera to CFA I. Eighty-six percent (12 of 14) of E. coli strains that hybridized with the EAF probe adhered to HeLa cells in a localized adherence pattern. The E. coli serotypes that hybridized with the LT, STA, EAF, and EIEC probes were as follows. Of 24 ETEC isolates, 2 were serotype 078:H-and CFA negative and produced ST, 1 was serotype 0126:H12 and CFA I positive and produced ST, 3 were serotype 0114:H-and CFA negative and produced LT, 3 were serotype 0128:H12 and CFA negative and produced LT, 1 was serotype 0128:Hand CFA I positive and produced LT and ST, and 14 were serotype 0128:H12 and CFA I positive and produced LT and ST. Of (23) and, in certain serotypes, SLT production (32) have been identified as virulence determinants of EPEC.
EPEC strains have been epidemiologically associated with diarrheal disease most convincingly in young children (19) and were most frequently found in children <6 months old in this nationwide surveillance program.
The two E. coli strains that hybridized with the EIEC probe but were Sereny test negative and the two E. coli strains that hybridized with the EAF probe but did not adhere to HeLa cells in a localized adherence pattern were presumably mutants that were virulent at the time of initial isolation. Pal et al. (27) reported EIEC isolates that had been stored for extended periods and continued to hybridize with the 17-kilobase probe but became Sereny test negative. The 17-kilobase EIEC probe was, however, 100% specific in identifying EIEC strains tested soon after isolation (7, 8, 33) .
Initially, E. coli strains were serogrouped by the referring hospitals with pools of polyvalent E. coli O:K antisera.
However, fewer than 50% of these serogroup results were confirmed at the Department of Medical Sciences; thus, serogrouping by the referring hospitals was discontinued. As with commercial EPEC polyvalent antisera, Thai E. coli serogrouping pools contained not only antibodies to EPEC but also antibodies to ETEC and EIEC serogroups. If polyvalent pools are to be used to identify EPEC, they should be EPEC specific.
Hospital laboratories are now asked to submit five lactosefermenting (as identified on MacConkey agar) and up to five non-lactose-fermenting E. coli isolates (if available) from a MacConkey plate culture from each child with diarrhea. All of the E. coli strains submitted will be examined with the six DNA probes described above. Two lactose-positive E. coli strains and one lactose-negative E. coli strain will be examined by the Department of Medical Sciences by agglutination for EPEC serogroups. ETEC, EAF E. coli, EIEC, and SLT-producing E. coli strains identified with DNA probes and EPEC serogroups will be serotyped by an E. coli reference laboratory. In addition, colonization factors and antimicrobial susceptibility will be determined for ETEC, EAF E. coli, and EPEC strains. A report of each yearly national surveillance will be compiled and distributed to Thai physicians. This information also can be used to guide the selection of appropriate vaccines for reducing the numbers of infections by diarrhea-causing E. coli strains among children in Thailand.
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